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PROBLEM TO BE SOLVED: To spread depletion layers to the 
peripheral sides of FET elements excellently, and to increase the 
breakdown voltage in the peripheries of the elements, by forming 
breakdown voltage increasing regions of the same depth as the base 
regions on the peripheral sides of the base regions, and forming 
auxiliary regions shallower than the breakdown voltage increasing 
regions. 

SOLUTION: Since each base region 3 is formed into the shape of a 
pillar in a drift region 1, and the specific resistance of the drift 
region 1 is set to a relatively small value, the resistance of a current 
path of the drift region 1 is reduced, and reduction of operating 
resistance is achieved at a high level. Besides, concerning the 
breakdown voltage of each element forming region, a sufficiently 
high breakdown voltage is obtained, since the intervals between 
base regions 3 are filled with depletion layers 16. Besides, 
concerning the breakdown voltage on the peripheral side of each 
element, a sufficiently high breakdown voltage is obtained, since a 
depletion layer 16 can be spread smoothly so as to lighten field 
concentration to the peripheral side of the element excellently by a 
breakdown voltage increasing region 12 and an auxiliary region 13. 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 



[Claim(s)] 

[Claim 1] The semi-conductor base which has a drain field, a drift region, two or more base regions, two or more 
source fields, and two or more fields for the improvement in a proof pressure. It has gate dielectric film, a drain 
electrode, a source electrode, and a gate electrode. Said drift region is arranged so that it may have the part which 
has high .mpunty concentration lower than the high impurity concentration of said drain field, and is exposed to one 
pnncipal plane of said semi-conductor base. Said drain field is arranged between said drift regions and principal 
planes of another side of sa.d semi-conductor base. Each of two or more of said base regions was distributed by 
island shape in said drift region, and is prolonged in the shape of a column toward the principal plane of another side 
from one principal plane of said semi-conductor base. Each of two or more of said emitter regions is arranged in 
sa.d two or more base regions at island shape. Said two or more fields for the improvement in a proof pressure have 
the same conductivrty type as said base region. The insulated gate field effect transistor characterized by having 
been formed mto sa.d drift region at island shape, and having seen superficially, and having been distributed by the 
outs.de of said base region like said base region, and having extended in the shape of a column toward the principal 
plane of another side from one principal plane of said semi-conductor base. 

[Claim 2] Furthermore, it is the insulated gate field effect transistor according to claim 1 characterized by being 
formed more shallowly [ it is arranged and ] than said field for the improvement in a proof pressure so that it may 
have an auxiliary field for assisting the breadth of the depletion layer near said field for the improvement in a proof 
pressure, and this aux.hary field may have the same conductivity type as said field for the improvement in a proof 
pressure and it may expose to the front face of said semi-conductor base. 

[Claim 3] Said field for the improvement in a proof pressure is an insulated gate field effect transistor according to 
claim 1 or 2 which has the almost same depth as said base region, and is formed in said base region and 
coincidence. 

[Claim 4] Furthermore, an insulated gate field effect transistor claim 1 characterized by having both a field plate and 
equipotential both [ either or ] so that it may see superficially and said base region may be surrounded. 2 or given in 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the insulated gate field effect transistor which can attain high 

pressure-proofing-ization. 

[0002] 

[Description of the Prior Art] It is well-known to constitute an insulated gate field effect transistor (for it to be 
called Following FET), as both reduction-izing of dynamic resistance and high pressure-proofing-ization are shown 
in drawing 1 for the purpose of attaining excellently. This FET is the N type drift region 1 and N+. It has the silicon 
semi-conductor base 5 which consists of the mold drain field 2, two or more P type base regions 3, and two or more 
source fields 4, the drain electrode 6, the source electrode 7, the gate electrode 8, gate dielectric film 9, the 
circumference protection insulator layer 10, and the interlayer insulation film 11. The base region 3 which can be 
called the body field of this FET or a channel formation field has a unique configuration, is deeply formed in the 
thickness direction of a drift region 1 in the shape of a column, and has attained that base to near the interface of a 
drift region 1 and the drain field 2. If two or more base regions 3 are formed in the shape of a column, when high 
reverse voltage is impressed to the PN junction between a base region 3 and a drift region 1, the mutual drift region 
1 of two or more base regions 3 will be filled by the depletion layer, and pressure-proofing will improve. Moreover, in 
the case of the structure of drawin g 1 , even if it makes specific resistance of a drift region 1 small and attains 
reduction-ization of dynamic resistance, high pressure-proofing can be obtained comparatively. That is, even if it 
sets the specific resistance of a drift region 1 as conventional conventional 1/3-1/5 of specific resistance of a 
drift region which have a shallow base region, pressure-proofing equivalent to FET of standard structure can be 
obtained by work of a depletion layer. [ of standard structure ] [ of FET ] 
[0003] 

[The technical problem which invention makes solution ******] By the way, in this conventional kind of FET, the 
improvement about the improvement in a proof pressure of the periphery veranda of a component is not fully made. 
For this reason, the actual condition was not able to attain high pressure-proofing-ization, so that it was expected. 
That is, even if it diffuses a base region 3 deeply in the thickness direction of a drift region 1 as mentioned above 
and aims at improvement in a proof pressure of a component central site (component active region), if the 
pressure-proofing by the side of a component periphery does not improve similarly, the improvement pressure- 
proofing as the whole component is not attained. Then, the invention-in-this-application person tried to form a well- 
known field limiting ring (FLR) so that the periphery side of the main junction, i.e., a component active region, may be 
surrounded, and to aim at improvement in a proof pressure by the side of a component periphery. However, since 
the specific resistance of a drift region 1 was quite small compared with usual FET in FET of the above-mentioned 
structure, improvement in a proof pressure was not able to be aimed at with the conventional FLR structure. 
[0004] Then, the purpose of this invention is to offer the insulated gate field effect transistor which can attain both 
reduction, and both [ either or ] in a proof pressure of dynamic resistance easily and good. 
[0005] 

[Means for Solving the Problem] This invention for solving the above-mentioned technical problem and attaining the 
above-mentioned purpose The semi-conductor base which has a drain field, a drift region, two or more base regions, 
two or more source fields, and two or more fields for the improvement in a proof pressure, It has gate dielectric film, 
a drain electrode, a source electrode, and a gate electrode. Said drift region is arranged so that it may have the part 
which has high impurity concentration lower than the high impurity concentration of said drain field, and is exposed 
to one principal plane of said semi-conductor base. Said drain field is arranged between said drift regions and 
principal planes of another side of said semi-conductor base. Each of two or more of said base regions was 
distributed by island shape in said drift region, and is prolonged in the shape of a column toward the principal plane 
of another side from one principal plane of said semi-conductor base. Each of two or more of said emitter regions is 
arranged in said two or more base regions at island shape. Said two or more fields for the improvement in a proof 
pressure have the same conductivity type as said base region. It is a thing concerning the insulated gate field effect 
transistor characterized by having been formed into said drift region at island shape, and having seen superficially, 
and having been distributed by the outside of said base region like said base region, and having extended in the 
shape of a column toward the principal plane of another side from one principal plane of said semi-conductor base. 
It is. 

[0006] In addition, as shown in claim 2, it is desirable to prepare the auxiliary field for helping the breadth of the 
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depletion layer near the field for the improvement in a proof pressure. This auxiliary field is formed in annular or 
island shape Moreover, as shown in claim 3. it is desirable to form the field for the improvement in a proof pressure 
in the same depth as a base region. Moreover, as shown in claim 4. it is desirable to form a field plate or an 
equipotential ring (EQR). 
[0007] 

[Effect of the Invention] According to invention of each claim, circumference pressure-proofing of an FET 
component can be raised easily and good. That is, although the change width efface of the depletion layer by the 
side of the periphery of a base region will also become large if a base region is deeply formed in the shape of a 
column by preparing the field for the improvement in a proof pressure, change of a depletion layer can be made 
slow and component circumference pressure-proofing improves good. Moreover, according to invention of claim 2, a 
depletion layer spreads much more good with the help of an auxiliary field. Moreover, a production process will be 
simplified, if the field for the improvement in a proof pressure is formed in a base region and coincidence as shown 
1 u 3; Moreover ,f both a field plate, and equipotential both [ either or ] (EQR) are prepared as shown in claim 4, 
the breadth of a depletion layer will become still better 
[0008] 

[An operation gestalt and an example] Next, with reference to drawing 2 - drawing 7 . the operation gestalt and 

example of this invention are explained. 

[0009] 

[The 1st example] The insulated gate field effect transistor (FET) of the 1st example shown in drawing 2 and 
° raw ' n u s 3 Have the N type (1st conductivity type) drift region 1, N+ mold drain field 2. the P type (2nd conductivity 
type) base region 3, the N type source field 4, the drain electrode 6. the source electrode 7, the gate electrode 8 
gate dielectric film 9, the circumference protection insulator layer 10, and an interlayer insulation film 11 like 
convent.onal FET of dj^wingJL . and also The field 1 2 for the improvement in a P type proof pressure of the shape 
ota column established into silicon semi-conductor base 5a, and the auxiliary field 13 of P type It has the field 
plate 14 prepared into the circumference insulator layer 10, and the equipotential ring 15. i.e., EQR, and is formed in 
the upper and lower sides and bilateral symmetry focusing on the A-A line and B-B line of drawing 2 
[0010] A drift region 1 is an N-type semiconductor field, and is N+. It has high impurity concentration lower than the 
mo d drain field 2. In addit.on, since a drift region 1 has the same conductivity type as the drain field 2. it can also 
call this a dram field. The drift region 1 consisted of what carried out epitaxial growth of the N-type semiconductor 
to the multilayer on the drain field 2, and the part has exposed it to one principal plane of semi-conductor base 5a 
The high impurity concentration of this drift region 1 is higher than the high impurity concentration of the drift 
region of conventional FET of the shallow base region which does not form the pillar-shaped base region 3 
Therefore, the resistivity of a drift region 1 is conventional conventional 1 / 5 - 1/3 of resistivity [ of FET ] I" of a 
drift region ] 

[0011] N+ The mold drain field 2 is arranged between the drift region 1 and the principal plane of another side of 
sem. conductor base 5a. In addition, the interface of the drain field 2 and a drift region 1 is parallel to the principal 
plane of another side of plate-like semi-conductor base 5a. The drain electrode 6 consists for example of a 
vacuum-plating-of-aluminium layer, and is connected to the drain field 2 in the principal plane of another side of 
semi-conductor base 5a. 

[0012] A base region 3 can also be called a body field or a channel formation field, and is formed in the shape of a 
column toward the inferior surface of tongue from the top face in the drift region 1. The top face of a base region 3 
is exposed to the top face of semi-conductor base 5a. and the inferior surface of tongue of a base region 3 is 
arranged so that it may estrange a little from the drain field 2. Thus, it is thought by arranging so that it may 
estrange a little that electric-field concentration with the base region 3 down side can be eased. As shown in 
drawing 2 . a base region 3 is seen superficially, and is formed in semi-conductor base 5a at island shape and is 
distributed by homogeneity, and each base region 3 has a square-like flat-surface configuration. In addition the flat- 
surface configuration of a base region 3 is not restricted to a square, but even if it is circular, it is good. This base 
region 3 repeats and forms a well-known epitaxial growth technique and a well-known diffusion technique. That is 
the N type semiconductor field of closing in is formed with epitaxial growth on the drain field 2 and a P-type 
semiconductor field is formed in this N-type semiconductor field with a diffusion technique. This P-type 
semiconductor field constitutes a part of base region, and the N-type semiconductor field of a part in which a P- 
type semiconductor field is not formed constitutes a part of drift region 1. A P-type semiconductor field is formed 
by diffusion so that the P-type semiconductor field which formed the P-type semiconductor field, formed the N- 
type semiconductor field of closing in in the top face of the P-type semiconductor field of cod roe and an N-type 
semiconductor field with epitaxial growth, and formed it in it previously again may be followed. By repeating this 
process multiple times (for example. 6 times), column-like a base region 3 and a drift region 1 are formed 
[0013] The N type source field 4 was formed into each base region 3 at island shape, and is exposed to one principal 
plane of semi-conductor base 5a. Into 16 base regions 3 arranged inside in many base regions 3 a square 4 i e an 
annular source field, is formed, the U-shaped source field 4 is formed into eight base regions 3 on the outside side 
and the L character-like source field 4 is formed in eight base regions 3 of an angle. The amount of [ between the ' 
source fields 4 and drift regions 1 in a base region 3 ] surface flank becomes a channel formation part. 
[0014] The source electrode 7 is the vacuum evaporationo layer of aluminum, it connects with both each source 
field 4 and each base region 3, and it is prepared also on the interlayer insulation film 11 so that common connection 
of two or more source fields 4 may be made. 
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[0015] Gate dielectric film 9 consists of the silicon oxide formed so that the channel formation part in a base region 
3 mentioned above might be covered at least. 

[0016] The gate electrode 8 consists of the polycrystalline silicon formed by well-known chemical vapor deposition, 
and is formed on gate dielectric film 9. This gate electrode 8 is connected to the metal gate terminal which sees 
superficially, is formed in the shape of a grid, and is not illustrated. 

[0017] Many (this example 64 pieces) fields 12 for the improvement in a proof pressure prepared according to this 
invention are distributed so that it may conclude superficially that it is clear from drawing 2 and a base region 3 may 
be surrounded. This field 12 for the improvement in a proof pressure is formed in a base region 3 and coincidence, 
consists of the P type diffusion field which has the same high impurity concentration as a base region 3, and it has 
the same flat-surface configuration as a base region 3, and the same cross-section configuration, and it is 
distributed by homogeneity like the base region 3. That is. the field 12 for the improvement in a proof pressure was 
formed into the drift region 1 at island shape, and has extended in the shape of a column toward the principal plane 
of another side from one principal plane of semi-conductor base 5a. The tip of this field 12 for the improvement in a 
proof pressure is N+. It is located near the mold drain field 2. In addition, mutual spacing of two or more fields 12 for 
the improvement in a proof pressure is the same as mutual spacing of a base region 3. 

[0018] The P type auxiliary field 13 which attaches and shows **** in drawing 2 has the same conductivity type as 
the field 12 for the improvement in a proof pressure, and the same high impurity concentration, and it is annularly 
formed so that from drawing 2 and the field 12 for the improvement in a proof pressure and a base region 3 may be 
surrounded. The auxiliary field 13 diffuses a P type impurity in the epitaxial layer of the last of the epitaxial growth 
of multiple times, and is formed in the maximum upper layer and coincidence of the field 12 for the improvement in a 
proof pressure, and a base region 3. For this reason, the depth of the auxiliary field 13 is sharply set up shallowly 
like one sixth (preferably 1 / 10 - 1/2) of the depth of the field 12 for the improvement in a proof pressure. In this 
example, one of the auxiliary fields 13 contacts the periphery side of the field 12 for the improvement in a proof 
pressure, and one [ another ] touches the periphery side of the base region 2 by the side of the outermost 
periphery. 

[0019] The field plate 14 is the vacuum evaporationo layer of aluminum, and it is annularly formed so that the 
auxiliary field 13 may be countered through an insulator layer 10. That is, the flat-surface configuration of the field 
plate 14 is almost the same as that of the auxiliary field 13 shown in drawing 2 . In the example of drawing 3 . the 
field plate 14 is not electrically connected to the auxiliary field 13, the field 12 for the improvement in a proof 
pressure, and base region 3 of P type. Moreover, two annular field plates 14 of each other are separated. 
[0020] EQR15 is a conductor layer which consists of the vacuum evaporationo layer of aluminum, and is annularly 
arranged rather than the auxiliary field 13 at the periphery side. This EQR15 has countered the top face of semi- 
conductor base 5a through the lower layer of an insulator layer 10, and is not electrically connected to semi- 
conductor base 5a. In addition, EQR15 also has the function of the channel stopper which it has the function to 
attain stabilization of the charge of the front face of an insulator layer 10, and also prevents the breadth to the 
periphery of a depletion layer. 

[0021] According to this example, improvement in the proof pressure by the side of the FET component 
circumference (circumference proof pressure) is achieved, and high pressure-proofing-ization is attained excellently. 
Moreover, in spite of having formed high pressure-proofing, dynamic resistance (on resistance) can be kept small. 
That is, since a base region 3 is formed in the shape of a column in a drift region 1 and the specific resistance of a 
drift region 1 is set up small relatively, resistance of the current path of a drift region 1 can be made small, and 
reduction-ization of dynamic resistance is attained excellently. Moreover, about pressure-proofing of a component 
formation field (active region), since it is buried by the depletion layer 16 as between base regions 3 shows drawing 
3 typically by the dotted line, sufficiently high pressure-proofing can be obtained. Moreover, about the pressure- 
proofing by the side of the component circumference, since a depletion layer 16 can be smoothly extended so that 
electric-field concentration may be eased good to a component periphery side like illustration by the field 12 for the 
improvement in a proof pressure, and the auxiliary field 13, pressure-proofing high enough can be obtained like a 
component central site. 

[0022] In the condition that the electrical potential difference which forms a channel between the gate electrode 8 
and the source electrode 7 is not impressed if it explains in more detail about a spread of a depletion layer 16, if an 
electrical potential difference with the high sense which carries out the reverse bias of the PN junction between a 
drift region 1 and a base region 3 is impressed between the drain electrode 6 and the source electrode 7, a 
depletion layer will spread in the drift region 1 where high impurity concentration is lower than a base region 3. Since 
many base regions 3 are arranged in the shape of a column, the mutual drift region 1 of a base region 3 is buried 
with a depletion layer 16. A depletion layer 16 spreads not only in between base regions 3 but in between a base 
region 3 and the field 12 for the improvement in a proof pressure formed similarly and between this and the base 
region 3. Although a depletion layer 16 cannot fully be extended only by the field 12 for the improvement in a proof 
pressure to the periphery side of a base region 3, if the auxiliary field 13 is formed, a depletion layer 16 will spread 
good by this assistance on the outside of between the fields 12 for the improvement in a proof pressure, between 
base regions 3, and the field 12 for the improvement in a proof pressure. Moreover, since the auxiliary field 13 is 
formed more shallowly than the field 12 for the improvement in a proof pressure and is arranged at the periphery 
side, change of the depletion layer 16 by the side of a periphery becomes slow, and the improvement in a proof 
pressure is attained good. 

[0023] In this example, since the field 12 for the improvement in a proof pressure, and the field plate 14 and EQR15 
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other than this auxiliary field 13 are prepared, a depletion layer 16 spreads still more stably and good. Moreover, it is 
prevented by work of EQR15 that a depletion layer 16 spreads to the side face of semi-conductor base 5a, and it 
can attain high pressure-proofing-ization stably by it. Moreover, since the field 12 for the improvement in a proof 
pressure is formed in a base region 3 and coincidence in this example, it is advantageous in respect of productivity. 
[0024] 

[The 2nd example] Next, the insulated gate field effect transistor of the 2nd example shown in drawing 4 is 
explained. However, in drawing 4 and drawing 5 mentioned later - drawing 7 , the same sign is substantially given to 
the same part with drawing 2 and drawing 3 , and the explanation is omitted. 

[0025] FET of drawing is constituted identically to the 1st example except for arrangement of P type auxiliary field 
13a. Auxiliary field 13a of dra wing 4 is estranged to the periphery side corresponding to the auxiliary field 13 of 
drawing 3 from the field 12 for the improvement in a proof pressure, and the base region 3. In addition, the flat- 
surface configuration of auxiliary field 13a of drawing 4 is annular like d rawing 2 , and the depth is the same as that 
of the auxiliary field 13 of drawing 3 . The same effectiveness as the 1st example can be acquired also according to 
this 2nd example. 
[0026] 

[The 3rd example] Drawing 5 shows a part of front face of semi-conductor base 5a of FET of the 3rd example. FET 
of the 3rd example of drawing ^ is constituted identically to the 1st example except for P type auxiliary field 13b 
which attaches **** and is shown explanatorily. P type auxiliary field 13b of drawing 5 prepared for the same 
purpose as the auxiliary field 13 of the 1st example consists of many island-shape fields. Auxiliary field 13b has the 
same depth as the auxiliary field 13 of the 1st example, and the same high impurity concentration, and is distributed 
between the field 12 for the improvement in a proof pressure, and the base region 3 by the side of the outermost 
periphery. Drawin gJS R> 6 shows the physical relationship of the field 12 for the improvement in a proof pressure, 
and auxiliary field 13b. Auxiliary field 13b is arranged so that the core of auxiliary field 13b may be in agreement with 
the core of the square of a dotted line of from now on connecting the core of four fields 12 for the improvement in 
a proof pressure so that clearly. Moreover, auxiliary field 13b is arranged so that the minimum distance L of square 
auxiliary field 13b and four fields 12 for the improvement in a proof pressure may become almost respectively the 
same. In addition, the relation between a base region 3 and auxiliary field 13b is the same as that of drawing 6 . 
[0027] By arranging auxiliary field 13b, as shown in drawing 6 , a depletion layer can be extended good between the 
fields 12 for the improvement in a proof pressure, and between the base region 3 by the side of the outermost 
periphery, and the field 12 for the improvement in a proof pressure, and the improvement in a proof pressure is 
attained like the 1 st example. 
[0028] 

[Modification(s)] This invention is not limited to an above-mentioned example, and the next deformation is possible 
for it. 

(1) The field plate 14 is electrically connectable with the auxiliary field 13 or the field 12 for the improvement in a 
proof pressure, as shown in drawing 7 . Thus, connection raises the equipotential nature of the auxiliary field 13 or 
the field 12 for the improvement in a proof pressure. 

(2) As shown in drawing 7 R> 7, a level difference can be prepared in the insulator layer 10 of field plate 14 part, and 
a periphery side can be thickened. More nearly thereby, in a periphery side, the effectiveness of a field plate falls 
and the change by the side of the periphery of a depletion layer becomes smooth. Moreover, the field plate 14 can 
be made to extend in a periphery side rather than the auxiliary field 13 or the field 12 for the improvement in a proof 
pressure, as shown in drawing 7 . 

(3) As shown in drawing 7 , it is N+ to the periphery edge of semi-conductor base 5a. Mold semiconductor region 1a 
can be formed and EQR15 can be connected here electrically. Thereby, it is the breadth of a depletion layer N+ It 
can protect certainly by mold semiconductor region 1a. 

(4) N+ A P type field can be arranged in the mold drain field 2, and it can be made universal contact structure. 

(5) Although the example showed the example by which the base region 3 and the field 12 for the improvement in a 
proof pressure located the core in the top-most vertices of the virtual square to which these cores are connected, 
and have been arranged, a base region 3 and the field 12 for the improvement in a proof pressure locate the core in 
the top-most vertices of the virtual triangle and rhombus which connect these cores, and may arrange. 

(6) The high impurity concentration of the surface exposure parts of a base region 3, the field 12 for the 
improvement in a proof pressure, and the auxiliary field 13 may be set up highly alternatively. 

(7) The die length which begins to be prolonged outside can be set as arbitration according to the level of the 
pressure-proofing demanded from the improvement field 12 in a proof pressure of the auxiliary field 13. 

(8) In the example, although the field 12 for the improvement in a proof pressure was considered as the same 
arrangement as a base region 3, in order to heighten an electric-field relaxation effect, the field 12 for the 
improvement in a proof pressure can also be precisely arranged compared with a base region 2. Moreover, only the 
field 12 for the improvement in a proof pressure of the most inner circumference which comes out of all 
arrangement of the field 12 for the improvement in a proof pressure, and does not make it the same, for example, 
surrounds a base region 2 can also be precisely arranged compared with other fields 12 for the improvement in a 
proof pressure. 

(9) It can also consider as the structure where the auxiliary field 13 is not established in the outside of the field 12 
for the improvement in a proof pressure of the outermost periphery. Moreover, two or more auxiliary fields 13 can 
also be established in the outside of the field 12 for the improvement in a proof pressure. 



http:/ / www4.ipdl.ncipi.go jp/cgi-bin/tran_web_cgLejje 



2006/04/17 



JP.2000-277733.A [DETAILED DESCRIPTION] 



5/5 ^- V 



(10) A base region 3 and the Field 12 for the improvement in a proof pressure can also be made into the substantial 
straight configuration which does not have a wen on the side face. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing conventional FET. 

[Drawing 2] It is the top view showing the front face of the semi-conductor base of FET of the 1st example. 

[Drawin g 3] It is the sectional view showing a part of FET of the 1st example by the A-A line of drawing 2 . 

[Drawing 4] It is the sectional view showing a part of FET of the 2nd example with drawing 3 similarly. 

[Drawing 5] It is the top view showing a part of front face of the semi-conductor base of FET of the 3rd example. 

[Drawing 6] It is the top view expanding and showing a part of drawing 5 . 

[Drawing 7 ] It is the sectional view showing a part of FET of a modification. 

[Description of Notations] 

1 Drift Region 

2 Drain Field 

3 Base Region 

4 Source Field 

5a Semi-conductor base 

12 Field for Improvement in Proof Pressure 

13 Auxiliary Field 

14 Field Plate 

15 EQR 
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(57) 

[ m&^m ) &&<dp mitt^ - * mm s z n m f y 
i^i 2£<Qi>m^p$i<Dffimmi 3*i9w&. &s.m 




m?m 1 3 k u-r >$in!(i f y 7 Ft^ta^©-^ 
- *mm t w&o v -*««<»: m&<DmKfo±.m$m t 

Mia f y 7 hmfa**itriB f ^mmoT-mmmj: <o 

B«ga«i(©^-^ffi«(D-en-en«iria f^f w«d 

B«iaa»©i5 ^^ffii^^n-enumiia^©^-^ 
^©■tucBt^ciagsn. 

Buia«m©is*)i^±fliM^«Bufa^- ^MiiSiisj-cD^ 
t mmtzftmem 3 naottfi a*£&»*©-#©£a 

*>e>fli2^CD3EEtcr6]-3raWc5l<>*-C^-2)Ci?r!|t®i 20 

•r £ *at y - f m« n 9 > 5? * * . 

[»*3J12] Etc. WEWEl»J-fcJfi«i*©ai8©£2 

ittm»m#<Dmmic&Bi?z> J: 5 «:iag $ ft.a-3WE 
■r sifcjsi 1 ss.WDtm#- f mmmm f 5 
1 mm 3 ] mmiEfa±mmmtim'< - * «m <t 

A:fc©r*4i»*3ai 1 X«2IB*8©m«y- FMHJ?sift 

[ff3fcig4] MtC. ^M^tcmTHtfta^-^M^H 
tf<fcMC7 -f-;UF'7U- hi^m(4U>y<b©^m 
^-^XtJM^SrWT-SC 1 XB 

2 XB 3 UWOmt?- F F 5 >^ X 3? . 

[000 1 ] 
[0002] 

[ft*©er#] s6^jgCx©fs^bi«TOb©M*^H5 

F^^x* (WTFETif^) 4Hl«:^tJ:^«: 
fitj£-f 5Citt&&t*5„ CCFETB, NfiPU? 
hWM UN* SFU-/ <!:?*&© PS^-X*51 
ig3 £«»©V-a««4 f'J a >*JJWNS 

<*5i. Fu-f>sffi6t. v-^ss7i. y-hm 

©Si. y-httlWilQi. jgi2«g*fciili§ 1 0 i . @ 50 
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IHHMtRl l£*«*.-tl,>S. COFETO^iJ* 

xb * + * >\>mmm t n & c t ©r # -s^ - * m$ 3 

l**m&JBtt*# U K "J 7 h «i£ 1 < 
ftKKJ&SShrfc "tJ . f©lSB F 'J 7 h«* 1 i F 
U-f>««2t©»B5iS<*-CjiL-Ct»*. 
*«*3 *ttKtc0fiJ-r4 ^-*Mig3 £ F y 7 F 

00* 1 i<Dia©PNSi^tt:j»i>awn*i«E*iEpiiosnyk 

BtfctM&D^-^WaswfflEIW© F 'J 7 Vffift 1 

aSKi-ota^n. Wisiits. itc, mio 
mmom^, FU7F «u i ©tti&a**.* < i/-c»ft 

£>. fiP% , F y 7 h mm i (ottl&iKZ . a^^- ^«r« 

*WrSfi£3fe©«B»Wa«»©F ET© f y 7 HAM© 
tbJfiK© 1/3-1 /5«:|K£0rfc. QZWOMfC 
»»WttfliaS©F E T iH^©iWE4ff C £#-C# 

[0 00 3] 

«©F ETtB. 3R^©^JliSWJ©WlBSj±«:M Lr© 

i'S?iWIEjb*i|in*c>©*^«r*o/c. BPfe. ±5B© 
J; ^ fc^ - zmW 3 * F y 7 F 1 ©J¥^*|6) (egg < 
aauriR^^ffl] <3R^-ritt««> ©WJI|6]±£!I-? 

#4 0r©l6l±WffittjlfiS3*i!a:t>. ^Ct, MSfPJ 
*». £^IP^^-?r£14M«©?FSffliJ^'aH-r^J: i 5 
(Cjg|ft]©7 ^-JUF'J 5 vf-A >^'J >7' (FLR) * 
JfJfiS; . 3RT-JRKflH©HBEl6i±«B 4Ci *K#fc. 
{jfr\st£ifih. ±f alf ia© F E T "CB F y 7 F$Ifa5l© 
J;btSln;*5a®©F E Ttctb^T^AjrO/hS < ft-jTI,»5 

[0004] fcr. *»58©b««. m^tm<oisM 

4WElSl±i©l>rn39»— *XttW5T*S*MoR»K 
aMEf4C4*-C*4«M»y- FStSWS»mF7>i?^ 

[0 00 5] 

[BM%»*-a-4fc«>©#gH ±ieif®^fi?iJiL,. ±IB 
aW*«J5S-r*A:i&©*»^«. F U-f F y 7 

f mm t «^©^- ^ mm t mi&o v - 7. si^<t 
WEffl±ffl««t**r*iia»»«*i. y-na»« 
i, Fu-Y>as<t, v-xsii, y-F«S£*« 
^. fria f y 7 fwiibnc Fu-f >«p*©w8j»a 
cfc 0 t(si»^««iiis*w tfiofrfe*5S{*sft©-^ 
©iffltcRW-rssu^^w^s.t^Kiegsti. whef 
u-f >«w*ma f y 7 FM^ifiia¥«i*»*©fW 
©iffii©ia«:BB«3ti. mrlB^©^-x^©-en 
^ftBWta F y 7 F««©1>tCfttttc^«E«S*iS-3 
8WB**(*S<*©— *©^M*> e>ffe*©±ffifcifi] o-Ctt 

Wicjio'rfc'p . «riat«»©i s 7 *««©*h*ntt 
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[0 00 6] «|J»H2 KtSTJ: $«C. iS*E|S]±ffl 

SWiCi b l>. C ©Jtttffiiftti. <M z.i*mwx 10 
{JS^tc^-r^o »«qi3«:5K-rJ:9«:. WE 
ft±m®W 4^ - * f£H£ 4 151 D ft 3 K JB(fcT 4 C 4 WW. 

- h xummti. y > y ( e qr ) znmtz c ttms 

[0007] 

Ill*312©«91(cj:ti«. »»««©BiWcaai36J- 

u- btmmtiLV (eqr) 4©i,»-3**i*>— :firxtt 

j85;fi£iS:W£4. ffi2»©j£3W«3*E«:ftJfytca*. 
[0 00 8] 

[0 00 9] 

[is i (omtm) n 2 ro'h 3 icm-rm i ©ni6wi©*6 

*y-hffl«»S»*h5>^* (FET) tt. 01© 

«£*©fet4h8«cnss opiums) h'u^him 

1 4N'M KU-f>MS2iPS (HI2iSSS8) 
$11|!«3<»:NMV-XM^4 4 Kl/-/>li6 

®7 4y- h«&8 ty- h&tsigg 4jgua#s*fc*i® 

1 0 tmffl*m& 1 l 4£Wf£ffeK:> ->y=i>¥2l<* 

2so'PM©fflfftfiii{i 3 4, mzmmmi ow^ta 

W/c7^-;UF7'U- h 1 4RO'^mffi'J>^BP^EQ 
R1544WU 02©A-Ai^RO : B-Bi©**^K: 

[0010] F«;7HW1 BNS*«MWT*it 

tttt ibkw 2 tm-mmgLZ 

m?Z<DT. cn«r KU-f >«1^4P?^C4fct?*l>o 
F 'J V h «« 1 « F \y A >&®2 0±KNS¥fft*^ 
SK:if$ + '> + jHj)(;SS-lf/cfc©^6fiS0. ^-©-SB 50 
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fct#zl&«&5 a©— :£©£ffi&CSgHJl,Tl,>S. C© K 

0^t,^C^-^lt^©fi£*©F ET© F y 7 MIJi© 
J: 0 B!S5l». fi£ o T . F y b h «M 1 ©Jgta 

*«se*© f e t© f y 7 h mm<omj\^<o 1 / 5 ~ 1 

/3-C*£„ 

[001 1] N* S K U<f >M«C2» F y 7 hffitt 1 4 
*i»tJ;g# 5 a ©ffi*©£ffi 4 ©MtcEB $ nr t >S . 

tt*5 . f w >mm 2 4 k y ? h 1 4 oirnm** 

qm.¥M#W& 5 a ©ffi*©^ffi(c^f -C* S. F u 

Si* 5 a©flfcfr©£ffi«C*»t»r F H >*U*2 tc««3 

[0012] ^-^^ti3», iK^tlttXt*?*** 

AM 1 rtfc*©±H*»6TE«ciaj->Ttttt«cj&BS*aT 
C^. ^-^.«Uli{3©±ffi(i*^(*Sf*5 a©±ffitcS 
UJltte«), ^-^^iS3©Tffi«FU-r>«Jlt2*>6 
«=FIHIIB-J-4J:9«:S«Sti-C«,>*. ccD^^Cc^Si 

•^-xMH!(3«Eft^«©¥®^tt4W-r*„ ^c*s. 

t«t^. C©^<-X^3«, ii*a©ifd!+^-pJHa 
*a*4»tta«4*»9iEUT#fi&T*. BP%. FU 
^ >«« 2 ©±{C^W© N 12¥i?H**Sfo3?: ib'^^t 
jUfiRfitcjcor^BSU. c©Na*«tW«J«K:4t;«S[* 
KJ:orPH¥i«*««4J&fi«-S. C©PS*8W*«l 
H8«^-^«JS©-Si5«r«lfiRU. PM*^i*«I«©^fiS 

snri>at»as»©Naa*aw*«J»* k y 7 km*^ 1 © 

-SP*«fiS-rS. Pfi^NM«R«*»«El/fc6C©Pa 
4 N S*»tMI*0±ffiK»WSl© NM* 

fiR U 5fc P 4 jttftt- * J; 5 l>c P £^»4ffilg( 

H) »Dj11-C 4-C. ttt«©^-^?ltS3 iF'j7H 

[0 0 13] N^y-^?1^4«S^-^?I^3©^«: 
m«(C^JS;$n. ¥*&Stt5 a©-*©±ffitcg|tBt 

r^s. ^Ko^-^fiRjaactji-crtflfrtciBBstifc 1 

6fi©^-X^iS3 ©*k:«EaftJfJBP^Jitt©V -T^M 
«4 3WBfiS3n. ^ffli|©2±©8ii©-<-^?lJ|{3©* 
»CB3*«©V-X««4#^SJSSn. ft©8<!©^- 
3 ©* <£ it L ?:«© V - * SIMS 4 *<JFJ j£ § tlX I > 

■s. ^- 3 tctew s v - ?.m® 4 4 f y 7 h w& 

1 4©P«g©aM«'JSIi##9 L f * JU«fiSSI55>4 Ji-S. 
[00 141 7-Xlffi7«, #53.W7JU S —"7 A©^. 
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[0 0 1 5] ¥- h£tftgt9tt:*l>te< ti,-<-^mm3 

[0016]*'- FBS8 tt. m«JStt©ifc¥WSWf 
fiRftifrCJBfiSS titc&&&is y 3 >*> •) . y- F IB 

-HSf-ccSttstvc^s. io 

[0017] #»?SfcffioTRWe>ftfc£tt (CKDHiS 
fNT(J6 41) ©IfEfa-fcJBfflilU 2 «. 0 2#>6HJI6 

BK S n-C t > S . C «DWff |S)±ffl«« 1 2 «-<- 

-<Z> * wr 4 P ffif£tt«WW> 6 J$ 0 fio^ - 

■^-^«i«3iiai«K:^-{c»ijtiat3n-ci>i. in 

*>. WfflfiI±fll«W 12BFU7 Fffi^S 1 ©4tcjMftc 
MSn, *«(*i«:5 a©-*©i»6«©il 20 
Cc|6joTtttK«:SiCJt-c»,>-&. c©ifEl6LfcJB^il 2© 
jfe«ttN + SKU>f >^2©jS<K:tafgUTt,>S. % 
te. aBtt©W£El«I±flB«i«l 2 0fflSMPSW--<--^*«l 

[ooi8] 02tctet»t:*<?*f=tLTjn-rPS[iiS)$i 

ttiftKfcWU ■2*»6W6*»«cJ:9K:i»EEllLhffl«* 

4. if StflUS 1 3 «a^H©x f a * *✓ + ;K£g©£?g 
©i f £ + + ;Wf (c P M ^RWIfc 0 &©"?* 30 
r, WElSl±ffl««l 2&V<-^«*3<D«JJBtiai 
miCBl&ZtVC^Z. C©fcto. ffiK^WISl 3©8iStt 
W£E|qJ±ffl«Wfi 1 2 ©S3 ©«*.iat 1 /6 (iff * L < » 
l/l 0-1/2) ©J:5(c*iJi(c&<i§:S;*ft4„ c 
©SSHWr ItftBMW* 1 3 © 1 -3«WEfa±JBtW* 1 2 
©iW3ffl!JK:88WiU J5'J©1 o«ft^jifflij©^-x?l^2 

[0019] 7 * K7*U- F 1 4 «0)^«t;u5 - 

r>r. jiSj^tDfi stout* 1 o*/i- 
-;u f^u- n 4©¥®0««H2 tc^rttntHmi 1 

3ittKP-T*S. 03©HiSWC«7 -;l< F'7'U 
- H 4 »PBOttttfm 1 3 . HjBEflLkJgflM 1 2 R 

[0 02 0] EQR 1 5«m«T;U5--?A©3iJe)S 
*» 6 1*4 ttUHWAl 3 

JSWcBEasnriiS. c©eqri ststBttni o© 
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QR 1 5tt. ttlNK 1 0©&B©*W©3-J£fb*l8l4tt 
t&**T 4ffetC^ZB©J r WiK©JZ;#5 «3 £R±T 4 * + 

f ^©atetw-r*. 

[0 02 1 ] #**Wtf{c «fen«. F E TJR?A2M©M 

j&£ft4„ s/c, iSWEfbbfcKfcjfij^-ruif^ffiCi (* 
3*s k y 7 ham i rticettK»flESh, f y 7 ham 
^ hm 1 ©*i«ei»©ffiin*/h3 < -c^tbmstn©® 
^iigsc) ©WEtco^-rt*, ^-^^3©fflara*«S3 

{c*jc»r^-c^SW«:^-rj: ^tc^n 1 6teJ:-?-c 
iS&6ft4fc«>. +#WC>WE£f#4 4. t 

fc. *-? L J112ffliJ©HEic-^^r« > WE(Sl±ffl^l2 
Rf>"»MllS 1 3 cc J: o xm^<D «fc ^ KSR^^fflijcca 

iWE i Srf#4Ci*!-rt.5„ 

[0 02 2] ^^JB 1 6©jA*i0CC-D«,>-CM{C3*O<Si 
BJ-T4£. y- Fm®8 <bV-^Sfli7<i:©lffliC5 L + * 

•J7 F^l £-<-XMfe13£©P5©PN«^^M 
T*-fhfa%<D^mKZ: FU-(>^i6iV-^iffi 
7 £©P H 1CCEP»I-r 4 £ . ^-MMM3 J; 0 t^6W*S 
©(Sir* K 'J tC^S)l*S|A*s^„ "«-^«i«3 

ItttRK ^ttfflEK $ tit I > S © f-^ - * «* 3 ©*BS 
P^© K y 7 FM*i 1 «£2JB 1 6 Til* -2> 0 ^5.^ 1 6 
«^-XM*l!{3©^Sra©^T-^< . ^-^^«3 tm 

micBj&2titcffiEE.ft±.m$m 1 2©tmp^Ro-cn4 

•^-^1^(3 £©M{cfcl£;*54. ^-^^3©^flJ 

t . c oMtotc j: x &2M i 6 *siWEifii ±mmw 1 2 

©taSP^RO*-<-X?li|!{3 £©IBRCHBEE|fiI±ffl«* 1 
2<D9miK.GWlcm&2>. ffllft^l 3«WE[S] 

±ffl«« 12iH^< JKRJtS <T.Eo^ja(BiJtc|2g3 tl 
-Ct,*6©-C\ ^fflUf©^^JB 1 6©^(b*5iStl^^ 

[0023] *3mwca. mwto±mmm 1 2 r<>-c 

©ffiWM^ 1 3 ©(fik: y -t - ju F y' u - F l 4 So*e Q 
R 1 5*JKW6tiri»*©t?. ^5.H 1 6*SMtcSSW 
B.-3SW(C)A*5-5.. ttc, EQR15©M(cJ;-o-C2 

za 1 6 &¥m#mw 5 a ©flan* -cc* 4 c t w&it 

KiBfE{b?:SSe t J«:^S-r4C<!:*5r-*4„ s 
/c. 3Bat«r»WE|fll±ffl«« 1 2*5^-^.$It?S(3i 
FIB*tC^fiS3tl4©t?. £ffitt©.£-C*fiJ-C*4. 
[0 02 4] 

[^2©j|)5teFj] ^tc. H4(Cn%-r»2©9EtS9!)©|ft|| 
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&t>'&j$-f &0 5 ~0 7 &C*$C>-C0 2 RtfS 3 iHftffJ 
KISI^»#K:t*ra-©f&4»*ttOT*©tJiW*««T 

[0 02 5] H4©FETWPS»BMI»S1 3a©i2g 

*isi>rs lommmt^-^mis.^inx 04© 
mmnw i 3 a ws 3 ©ti^i us 1 3 & t ©-r 

*ot. Wm6j_kfl|fiW*l 225^^-^1^3*6^ 
WJCCSEiaUT^S. fcfc. 04©*ifft15ft$l 3a©fi 

Bmm2tis\m<<cmwc$>'o. s «0 3 ©«»? 

mwi 3 tm— c©lfi2©fili£Wcj:-?-t4>fB 

1 ©llMtfiJ-tlSJ-©!^*^.*, C <t#T# £„ 
[0026] 

tm3©^iSW] 05telff3©fl)&g0il©F ET©^jg# 
»*5a ©Slffi©— SP^f . 0 5 ©IS 3 ©HJS0IJ© F 

ETtt, &**ttbxmw(fi<£fjk?.pmffimmi 3 b 
*^^rmi©*JSWIii5)-«:^fiK$n-cc^„ mi© 
»s^'j©*ifiA^ i 3 tm-vmmviSM htitm 5 © 

P^fflSfjSltil 3 btt£&©Btt^#>e>fiX;.i>. ffil&Sfi 

* 1 3 b is* i <Dmmm<ommm i 3 1 isj-©ais , 
■«©*<- x«tt3 ©fismtcatftSKs *vci» 4. 0 

6 »WEElfil±ffl«* 1 2 &ttKMiMt 1 3 b t (Dikmmm 

ft±mmm 1 2©***ts*£j«©0a»©4M>fctt«i 

«M 1 3 b !W4 J: }fc*S«HHJ* 1 3 b#I2 

gSnTl>5. QAft?©ftMMHi« 1 3 bt4o© 

WEEfaJbflWWt i 2 i©«affi(iL*j-tn*tn3naaai- 

<c£SJ:9fcMlbflMl 3 b*tIM3*vCC»S. fc*. 
^-*««3£lll«rtlWll 3bi©IW«fcH8i|5I«'r 

[0 02 71H6 KSi-J-J: 5«CttJ»«« 1 3 b 4i2gf 
SCifciot. »ElSl±ffl««l 2 ©tlSlfflRCWWI- 

jsflDj©^-xfn«3 <tWE^Jifli*itis 1 2 tomvc^s. 

[0 02 8 ] 

[ ftJBM ] *»M«±a©Sttt««:|RJE S *i S 4>©-Ctt 
mt;tJC©St*rt*"JtB&*>©-C**. 

(1) 7 ^-Jl/K^U- h 1 4?r0 7«:7f;-rJ: ; 5tCti 

«mrj« i 3 xwWEisi±ffl«« i 2 tcttftfttc&ttr & 

Ci3ft»r*4. CO»KjatT4i. WKHMI1 3XB 

mEfa±mtm 1 2 ©wttttaWLh**. 

(2) y i-*f 7" U- H 4 flK&OflfilMIl 0 *C0 

#5. CfUcJ:^. £' 7 -f-JUK 7' U- h©^ 

JfcWSTU ffi^©WaW?©£<t*W&jWCtt4. 
Sfc. H7(C7nr«t'3tC7 -f-JUK^U- H 4?r*fiBft 
AM 1 3 X«REi6j±ffl«« 12*0 «>M-jn«<cfiEA3 
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(3) H7KSjVTJ:5K¥*#»*5a©fl-JS»£N 
* ffl*jf#««l a*JBRR0. CC(CEQR15%1« 

wccistt-j- &c cnccio. szji©je# 

•) * N ' SftUfffttRitf 1 a "CWSICcHf <■ C 4 #T* S. 

(4) N* BPU^>«lg|2©it>icPB«4E«EKl/ 

(5) HJSWfU, *-;MH*3&cmEfflJbJBHM 

1 2 j&ic ti6©«W»%teA^LHft»©W^i«:*©«t>«C» 
*ffi«3*Tl2H3ftfcW*7i*Lfc**. 3 R 

10 WBElSl±fflffl« 1 2 *»C n 6 ©tf A«ffl=ft & 

^z> L»©BWi«:-t©tb**tiB3 «rE«Lr *> «t 
l>. 

( 6 ) * - XM3 . mmsi±.mm® 1 2 KcfMMM 
. «i3 ©asntii9^©7tt«iiKft«a{Rntcic < ct£ 

( 7 ) *MMH1« 1 3 ©WEEGl±«* 1 2 *> fettfflltCiiE 

cttH-rssw:. s*sn4WJE©u^iKcf&c-ce^(c 
< 8 ) mmmvit, msfauawm 12*^- 

20 3£|H]-©i2g£bfc#s. *|MRffittJll£WX>S*tci! 
EEftmBflW* 12^- xffl® 2 tc]fc'<T««K:eiW 
£C£fc-C#£. tit. MBEttLkJBfltiftl 2©I2g££ 
TtMnJDtCtJ-r. Wi«^-^«J|82€:'aH-r4«F«3^ 
©WmajJJHflMj 1 2 0*ftOitEft±itl« 1 2 teJt 

( 9 ) *ftM©MEEA±JBflM 1 2 ©WBKctt. MUffi 
ttl 3*RWttl»«|JS4-r4G4fc-C#4. X. MEM 

±ffl«« i 2 ©M«ic«iMc©»na« i 3 esttts c 

30 (10) ^-^««3RCflHElSl±ffl««l 2*. * 
©fl8ffiCCCA**Ott«,»*lWSj0:^ hU- hWJttit 

[BS©ffl*«cSiHj] 

[SI] f*OFET4ftKI0t*4. 
[12111 ©59fcW©F ET©^{*«#©«HB47S 

[03] fl(D»]OFET(D- gP4H2©A-AiS 

[04] m2©«5S{?i]©F ET©— SP4S3 tlSWciS 
40 TtKEST 1 **. 

[0 5 ] m3©HJS^l©F ET©^ig<*Sf*©affi©- 

[0 6] 0 5©-gP4ffi^:U'r7n-r i FM0T$>-5.. 
[07] SE»W©FET©— W4SVTIRffiiat?*4. 
[W-^©SiW] 
1 

2 KU-f>«W 
3 

50 5 a 



1 2 mEft&amw 

1 3 



(6) 

* 1 4 7 4 -)l> b'y'u- h 
* 15 EQR 
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